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EFFECT OF ORGANIC AND INORGANIC FERTILIZERS ON 
SELECTED SOIL CHEMICAL PROPERTIES AND MAIZE (Zea mays 
L.) YIELD AT DEMBIA WOREDA, NORTH GONDAR, ETHIOPIA 
ABSTRACT 
The economy of Ethiopia is based on agriculture; however Ethiopia's agriculture is plagued 
by periodic drought, soil degradation, caused by overgrazing, deforestation, and high 
population density. Soils in the highlands of Ethiopia usually have low levels of essential 
plant nutrients and organic matter (OM) content and low soil fertility is one of the critical 
issues to sustain agricultural production and productivity in the country. The integrated use 
of organic nutrient sources with inorganic fertilizer was shown to increase the potential of 
organic fertilizer and to improve the efficiency of inorganic fertilizers, The experiment was 
conducted in rained fed agriculture for 2016/17 cropping season in Dembia Woreda to 
explore the effects of integrated application of organic and inorganic  fertilizers on the major 
soil chemical  properties and on the productivity of maize. The treatments used were factorial 
combination of three rates of compost (0, 5 and 10 ton) and five rates of blended fertilizers (0, 
100kg, 200kg, 200+kg and 200kg DAP). Improved maize variety of BH-540, widely used in 
the study area, was used as a test crop. The field experiment was laid out in randomized 
complete block design (RCBD) with three replications and the laboratory analysis including 
before planting and after harvesting soil sample, compost nutrient content analysis was done 
in appropriate procedure at Gondar Soil testing laboratory. There was statistical difference 
between the sole use of organic and inorganic fertilizers as well as integrated application 
which shows in (table 4, 5 and 6), (200kgblended fertilizer which is recommended for 
exponential site(T3)) productivity (8.81 ton/ha) was lower than the integration application of 
half blended and 10 ton /ha compost (9.13 ton/ha) and  almost equal production  to 5 ton 
compost with 100 kg blended fertilizer application (T7) increased OM, N, P and K nutrients 
content (4.05%, 0.16%, 26.43 mg kg-1, 1.17 coml./kg) respectively. From the result of the 
experiment, and MRR, application of 200 kg DAP fertilizer with 200 kg urea was 
recommended. However, application of 5 ton compost ha-1 + 100 kg blended  ha-1 with split 
application of 200 kg ha-1 urea could also be recommended if organic materials for compost 
preparation are scarce and when the prime objective is to get higher maize yield. It is also 
necessary develop further research such as nutrient omission  trial to verify nutrient–nutrient 
interaction before recommendation of blended fertilizers specially to recommend the micro 
nutrient such as boron and others, soil test based is optional because micro nutrients are not 
only essential but also toxic if there are excess. 
Keywords: blended, organic, integrated, soil fertility, grain yield
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1. INTRODUCTION 
The economy of Ethiopia is based on agriculture, which accounts for 46.3% of gross 
domestic product (GDP), 60% of export earnings, and 80% of total employment. Agricultural 
production is overwhelmingly of a subsistence nature, and a large part of commodity exports 
are provided by the small agricultural cash-crop sector (World Fact book, 2016). 
Ethiopia's agriculture is plagued by periodic drought, soil degradation, caused by 
overgrazing, deforestation, and high population density. Yet, agriculture is the country's most 
promising resource. A potential exists for self-sufficiency in grains and for export 
development in livestock, grains, vegetables, and fruits. Many other economic activities 
depend on agriculture, including marketing, processing, and export of agricultural products 
(World Fact book, 2016). 
People are dependent on soil, and, conversely, good soils are dependent on people and the use 
they make of land. Soils are the natural bodies in which plants grow. They provide the 
starting point for successful agriculture (Brady and Weil, 2002). Throughout human history, 
our relationship with the soil has affected our ability to cultivate crops and influenced the 
success of civilizations. This relationship between humans, the earth, and food sources 
affirms soil as the foundation of agriculture (Parikh, 2012). 
Soils in the highlands of Ethiopia usually have low levels of essential plant nutrients and 
organic matter (OM) content and low soil fertility is one of the critical issues to sustain 
agricultural production and productivity in the country (Damene,2003). Anthropogenic 
factors such as inappropriate land use systems, nutrient mining and inadequate supply of 
nutrients have aggravated the situation (Wakene et al., 2007). 
When soil does not supply sufficient nutrients for normal plant development and optimum 
productivity, application of supplemental nutrients is required. However, the proper 
application rates of plant nutrients are determined by knowledge about the nutrient 
requirement of the crop and the nutrient supplying power of the soil which is seldom practiced 
in Ethiopia. 
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Chemical fertilizers play a major role in supplementing nutrients for crops, although 
applications of chemical fertilizers only are not economical for the farmers.  The sole use of 
chemical fertilizers is causing deterioration in soil physical, chemical and biological 
properties (Zarina et al., 2010). The integrated use of organic nutrient sources with inorganic 
fertilizer was shown to increase the potential of organic fertilizer and to improve the 
efficiency of inorganic fertilizers, (Heluf, 2002). 
Farmers of Ethiopian highlands have been applying chemical fertilizers like di-ammonium 
phosphate (DAP) and urea to increase crop yields at a blanket rate rather than relating it to 
site-specific and crop-nutrient requirements (Tasnee and Yost, 2003).Current fertilizer 
recommendations of the country have to consider adoption of site-specific balanced and 
integrated nutrient management involving major, secondary and micro nutrients, organic 
manures and amendments by creating awareness amongst farmers on benefits of balanced 
fertilization,(ATA,2015). 
Soil OM is the main source of N (about 97%) for plant growth (Allison, 1973). More than 
95% of S, up to 50% of P and micronutrients held in organic forms (Brady and Weil, 2002). 
Wakene et al. (2007) reported that OMs influence nutrient availability by controlling the net 
mineralization-immobilization patterns and they interact with soil minerals in complexing P 
fixing cations there by reducing P sorption capacity. 
Compost (decomposed OM) is an organic fertilizer that can be made on the farm at very low 
cost (cost-effective biological treatment method) (Tiquia and Tam 2002; Madeleine, 2005). Its 
amendment to soil is often viewed as a way to improve soil fertility and increase in the 
amounts of soil organic carbon (OC) and of other major nutrients such as N, S and P (Carine 
et al., 2006). The values given in the references for the desirable N and S contents at the 
outset of composting vary between 1.5% to 2.0% and 0.45% to 0.70% respectively, as 
computed on dry weight basis (James et al., 1982; Beyer, 2003).  
Previous studies showed that the combination of compost with chemical fertilizers further 
enhanced the biomass and grain yield of crops. Hence, integrated application of locally 
available organic materials like compost along with inorganic fertilizers is economically 
feasible and environmentally safe for sustainable crop production (Rajeshwari, 2005). 
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The use of farmyard manure for domestic energy consumption increases from time to time 
instead of using it as a soil amendment. Thus, research on the effect of integrated application 
of organic and inorganic fertilizers for increasing grain yield and improving soil properties is 
an important issue for Ethiopian highlands. 
However, integrated application of organic and inorganic fertilizer is not practiced in soils of 
Dembia Woreda (the study area) where infertile and nutrient depleted soils are more common. 
Traditional farm management practices such as continuous cropping and crop residue removal 
might be responsible for a steady depletion of the fertility status of the soils (Gondar soil 
testing lab report, 2013). 
Among cereals, Maize (Zea mays L.) is the most important cereal crop next to wheat and rice 
in the world (Muhammed et al., 2004). It is grown over an area of 130 million ha with an 
annual production of 506 million t with a productivity of 3890 kg ha-1. Maize is called “King 
of Cereals” because of its productive potential compared to any other cereal crop. Being an 
exhaustive crop, it has very high nutrient requirement and its productivity is closely depends 
on nutrient management system (Rajeshwari, 2005). 
It is one of the most important staple food crops in Ethiopia. At the national level 2,110,209 
ha of land is covered by maize and over 72,349,551 quintals are produced with a yield of 
34.28 quintals ha-1 in 2007 EC (CSA, 2015). Although it has better productivity 37quntal per 
hectare, maize covers about 24.8% of the crop land and 39.71% of the total crop production of 
the study area (NGZF, 2014).  
 Moreover, farmers of the study area are not well acquainted in preparing and applying 
organic fertilizers (including compost) and the knowledge concerning integrated use of 
organic fertilizers with chemical fertilizers is scanty. Similarly, fertilizer rate 
recommendations for the integrated application of organic and inorganic fertilizers are not 
available in the study area. Therefore, conducting research on the integrated application of 
organic and mineral fertilizers and evaluating their combined effect on soil property changes 
and crop productivity is crucial. Therefore, this study was initiated to address the following 
objectives: 
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General objective 
 To evaluate the effects of integrated application of organic and inorganic fertilizers on   
soil fertility and maize crop productivity.  
Specific objectives 
 To evaluate the effect of compost on soil properties and maize crop productivity.  
 To evaluate the effect in organic fertilizer on soil properties and maize crop 
productivity.  
 To evaluate the interaction effect of compost and inorganic fertilizers on soil 
properties and maize crop productivity. 
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2. LITERATURE REVIEW 
Agriculture in Ethiopia has long been a priority and focus of national policy, such as 
Agricultural Development Led Industrialization (ADLI), and various large-scale programs, 
such as the Plan for Accelerated and Sustained Development to End Poverty (PASDEP). The 
sector employs about 80% of the population, generates over 46% of gross domestic product 
(GDP) and 60% of export earnings, and plays a significant role in improving food security in 
the near- to mid-term. It is no surprise that it is widely agreed that Ethiopia has both the 
potential and the need to achieve better crop yields, particularly for food security 
(International Food Policy Research Institute, 2013). 
The perception of Ethiopia projected in the media is often one of chronic poverty and hunger, 
but this bleak assessment does not accurately reflect most of the country today. Ethiopia 
encompasses a wide variety of agro ecologies and peoples. Its agriculture sector, economy, 
and food security status are equally complex. In fact, since 2001 the per capita income in 
certain rural areas has risen by more than 50 percent, and crop yields and availability have 
also increased (IFRPI, 2013). 
2.1. Maize (Zea mays L.) Production and Yield in Ethiopia 
Maize is not indigenous to Ethiopia and is believed to have been introduced into the country 
in the 1600s and 1700s. It is widely grown in the country in various agro-ecological zones. It 
grows in altitudes ranging from 500-2400 m above sea level (masl). It is an important crop in 
terms of acreage, production and yield (Friew and Girma, 2001). 
Sub-humid agro-ecosystem of western Ethiopia is the major maize producing belt in the 
country where the highest maize grain yield (11 ton ha-1) was record under the farmers’ field 
by using improved maize technologies for the first time in the history of Ethiopian agriculture 
in 1993 when sasakawa global (SG) 2000 started to operate in the country (Wakene et al., 
2007). 
Maize continues to be a significant contributor to the economic and social development of 
Ethiopia. Although it is the staple cereal crop, critical to 8 million smallholder livelihoods and 
plays a central role in the country’s food security, it has low productivity with the highest 
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current yield from available inputs at2.2 ton ha-1 in 2008/09 from a potential yield of about 
4.7 ton ha-1 (Shahidur et al., 2010). 
Maize is grown primarily in the Amhara, Oromia and SNNP regions of Ethiopia.  While there 
have been, significant gains made in maize production over the past decade, there is still a 
significant opportunity to further increase productivity. Maize is Ethiopia’s most important 
cereal in terms of production, with 6 million tons produced in 2012 by 9 million farmers 
across 2 million hectares of land. From 2001 to 2011, maize production increased by 50%, 
due to increases in both per hectare yields (+25%) and area under cultivation (+20%). 
Estimates indicate that the current maize yield could be doubled if farmers adopt higher 
quality inputs and proven agronomy best practices (ATA, 2013). 
2.2. The Requirements, Productivity and Characteristics of Maize 
Maize is the most important cereal crop next to wheat and rice in the world. In the world, it is 
grown over an area of 130 million ha with an annual production of 506 million t with a 
productivity of 3890 kg ha-1. Maize is called “King of Cereals” because of its productive 
potential compared to any other cereal crop. Being an exhaustive crop, it has very high 
nutrient requirement and its productivity is closely depending on nutrient management system 
(Rajeshwari, 2005). 
The factors determining the growth and final yield of maize (Zea mays L.) are climate, soil, 
and fertilizer and crop management. Maize has adapted a wide range of environmental 
conditions. It is the most widely distributed cereals in the world (Onwueme and Sinha, 1991). 
It is a sun-loving crop and requires a long, hot growing season with plenty of sunshine. Maize 
is grown from below sea level to altitudes of 3000 m. An average summer temperature of 200 
- 210 C seems to be the most favorable for maximum yield of maize. The annual precipitation 
where corn is grown ranges from 250 mm to more than 5000 mm in the tropics (Edward, 
1992).  
Maize has high production potential when compared to any other cereal crop. The 
productivity of maize is largely dependent on its nutrient management. It is well known that 
maize is a heavy feeder of nutrients (Basavaraju, 2007). It is one of the most important cereal 
crops of the world extensively grown in irrigated and rain fed areas (Irshad et al., 2002). It is 
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multipurpose crop and provides food for human beings, fodder for livestock and feed for 
poultry. It has great nutritional value as it contains about 66.70% starch, 10% protein, 4.8% 
oil, 8.5% fiber, 3% sugar and 7% ash (Chaudhry, 1983). Maize is high yielding, easy to 
process, ready digested and cheaper than other cereals. Every part of the maize plant has 
economic value; the grain, leaves, stack, tassel and cob can all be used to produce a large 
variety of food and non-food products (IITA, 2007). 
2.3. Soil Fertility Depletion in the Ethiopian Highlands 
Soil degradation is widely recognized as a global problem associated with desertification 
(Gisladottir and Stocking, 2005). In Sub-Saharan Africa, it is also associated with soil fertility 
depletion (mainly the N, P and OC) which is a major threat to food security (Sanchez and 
Jama, 2002; Bationo et al., 2004). This problem is exacerbated by wind and water surface soil 
erosion (Zougmoré, 2003), poor rainfall distribution (Sivakumar and Wallace, 1991), 
restricted fallow periods to restore soil fertility (Floret and Pontanier, 2001) and low rates of 
fertilizer application (Camara and Heinemann, 2006). The region is also characterized by 
climatic conditions that accelerate the degradation of soil OM which, in turn, reduces the 
water holding capacity of the soils (Andren et al., 2007).  
Soil productivity in Africa is declining as a result of soil nutrient and OM depletion, soil 
erosion and water scarcity. About 65% of the croplands in Africa have been affected by soil 
degradation during the last 40 years (Bationo et al., 2007). In sub- Saharan Africa, croplands 
have a negative nutrient balance, with annual losses ranging from 15 to 71 kg-1 ha-1 of N, P 
and K mainly due to nutrient exports by harvest and losses by erosion, combined with low 
inputs (Stoorvogel et al., 1993; Henao and Baanante, 2006).Poor soil management and the 
fragile nature of tropical soils generally account for heavy nutrient losses through soil erosion 
and nutrient leaching in soils (Hossner and Juo, 1999). 
Hurni (1993) reported that at the national level, soil loss on Ethiopian cultivated fields is 
estimated 42 t ha-1 yr-1. The causes of land degradation in Ethiopia are cultivation on steep 
and fragile soils with inadequate investments in soil conservation or vegetation cover, erratic 
and erosive rainfall patterns, declining use of fallow, limited recycling of dung and crop 
residues to the soil, limited application of external sources of plant nutrients, deforestation and 
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overgrazing (Hurni, 1988; Belay, 2003). The low level of chemical fertilizer use, decline in 
soil OM, and insufficient attention to crop nutrient studies contribute the most to the loss of 
soil fertility in the country (Kumwenda et al., 1996). 
Ethiopia faces a wide set of soil fertility issues or soil fertility challenges that require 
approaches that go beyond the application of chemical fertilizers. Core constraints in the 
country include topsoil erosion (affected soils covering over 40% of the country), 
significantly depleted OM due to widespread use of biomass as fuel, depleted macro and 
micro-nutrients, depletion of soil physical properties and soil salinity (ESSS,2006).  
Low productivity in Ethiopia’s agriculture sector is caused in part by a range of factors related 
to poor soil conditions: Severe land degradation; Nutrient depletion; Complete removal of 
crop residue from the fields; Fragmented or not application of Integrated Soil Fertility 
Management (ISFM) technology Little or no manure application; Imbalanced inorganic 
fertilizer use; and Lack of comprehensive soil fertility information. A number of soil-related 
studies and programs have been carried out in the past to reverse the impacts of such 
constraints. However, acquiring updated and accurate soil-related information has remained a 
challenge. Consequently, further scientific analysis has been hindered that could provide 
strategic information for policy makers, researchers, extension workers and smallholder 
farmers (EJNR, 2001). 
As such, soil health and fertility were prioritized as key components of the Agricultural 
Transformation Agenda, with potential to increase smallholder farmers’ productivity. The 
Ministry of Agriculture (MoA) and the ATA thus developed the Soil Health and Fertility 
Roadmap and the Soil Health Strategy in 2011 and 2012 respectively. Both aim to address 
key soil fertility bottlenecks and transform the agriculture sector, by incorporating soil health, 
increasing yield and ultimately doubling smallholder farmers’ incomes. 
The systematic organization of soil-related information has resulted in challenging the use of 
DAP as a blanket recommendation. A detailed woreda-level soil fertility status atlas was 
therefore paramount to tailoring fertilizer recommendations to specific soil fertility 
conditions. Additional scrutiny of land features (vegetation, climactic factors, erosion risk, 
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etc.), physical and chemical properties of soil is critical for acquiring knowledge on soil 
health and fertility (ATA, 2014). 
2.4. Effects of Compost on Improving Soil Physicochemical Properties 
In many experiments, it was shown that compost use can substantially improve soil physical, 
chemical and biological properties, which are often important factors in determining its 
fertility status. The improvement of these soil properties results often in indirect benefits such 
as reduced erosion, ease of cultivation, increased fertilizer efficiency due to a higher CEC or a 
reduced disease incidence. Compost as OM has many essential roles to play; in maintaining 
soil fertility, macro and micro nutrients for plant growth and alkaline substances which 
counteract soil acidification. However, compost use tends to show its full potential only after 
prolonged use. Many new research projects, which assess the effects of compost use, are long-
term, running for 5 - 10 years (Johannes, 2000). 
In degraded soils – i.e. those with low soil fertility and minimal organic matter – the effect 
that mineral fertilizers have on crop yields remains low. This is because these soils have a low 
capacity to bind dissolved nutrients (from mineral fertilizers,) into the soil and make them 
available to plants. As a consequence, a large portion of the nutrients is washed out in the 
groundwater and is lost (Kotschi, 2013). 
Organic inputs, including compost, animal manure, crop residues and green manure, are a 
good method of enhancing both soil physical, chemical and biological properties and crop 
performance (Jama et al., 2000). Organic inputs contribute to improving soil 
structure/aggregation and decrease soil bulk density, and thus increase the percentage of pore 
space (Sylvia et al., 1999). As consequence, soil water infiltration and water holding capacity 
increase (Weber et al., 2007) but the strength with which water is held may also increase. It 
also increases the capacity of the soil to buffer changes in pH and CEC, and serves as a 
reservoir of nutrient such as N, S, P and many minor elements (Schlecht et al., 2006). Organic 
inputs are also source of energy and slowly available C to support soil organisms’ activity 
which are the primary agent for decomposition in the soil and increase enzymatic activity 
(Marinari et al., 2000). 
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In the field research conducted at the Iowa State University Agronomy and Agricultural 
Engineering Research Farm by Singer et al. (2004), compost plots had 13% higher OM 
concentrations compared with no compost plots after both two and three compost 
applications. Compost application increased soil K by 26, 38 and 55% compared with no 
compost in the corn, soy bean and wheat phases, respectively. Averaged, across crops and 
tillage, compost application increased soil P to 164 mg kg-1 compared with 55 mg kg-1 
without compost (Singer et al., 2004). 
Soil OM encourages granulation, increases CEC and is responsible for up to 90% adsorbing 
power of the soils. Cations such as Ca2+, Mg2+ and K+ are produced during decomposition 
(Brady and Weil, 2005). In general, it may be concluded that compost application increased 
soil pH, electrical conductivity (EC), OM, Ca2+, Mg2+, K+ and P while C: N ratio was 
narrowed in acidic soil. Hence, there was a general increase in nutrient supplying capacity of 
soils and compost application was a good strategy for enhancing fertility status of depleted 
soils (Sarwar et al., 2010). 
The optimal C: N ratio for effective composting ranges from 25 - 30:1, although initial C: N 
ratios from 20:1 to 40:1consistently produce good results. Frank et al. (2006) revealed that if 
the C: N ratio is much above 30:1, microorganisms will immobilize soil N. None of the heavy 
metals toxicity problems are likely to occur with compost that has been made from farm 
manures or crop residues or with the commercially available composts of today. 
A decay or mineralization series is commonly used to estimate the rate of N availability from 
stable organic N. A decay series of 35, 12, and 5% is used to estimate the rate of 
decomposition of organic N in liquid (<18% dry matter) dairy manures in New York. This 
sequence of numbers means that 35% of the organic N is mineralized and potentially taken up 
by the growing crop during the year the manure was applied, 12% of the initial organic N 
application is mineralized and taken up during the second year, and 5% is mineralized and 
taken up in the third year (Quirine et al., 2003). 
Johannes, (2000) stated that about 10-15% of N and 30 – 40 % P2O5 are available in the first 
year while approximately 40% and 100% after four years respectively. Typical bio-waste 
compost contains approximately 1.4% of N on a dry matter basis although the nutrient content 
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varies from different reports. Results showed that in the supply of approximately 140 kg total 
N if 10 t dry matter of compost is applied ha-1 as is often practiced by growers. However, only 
10 - 15% of the total N is plant available during the first year, while the remainder is tied up 
in organic compounds and will be partly released over time (approximately 40% of total N in 
four years). This means that between 42 and 64 kg N ha-1 will be available for plant uptake 
during the first year after compost application (30 t dry matters).  
After continued compost application, total and available P and K concentration in the soil are 
increased. In contrast to N, the P, K and Mg show in principle higher plant availability. Short-
term use of compost is targeting to supply nutrients and enhanced microbial activity while 
longer term benefits tend to maximize the build-up of C-pools, nutrient pools and 
improvement in soil physical properties (Federal Ministry of Agriculture, 2003). 
Approximately 20% of P in compost is immediately available for plant uptake while the 
remainder is more strongly bound and will become available later (Johannes, 2000). 
Compared to other sources of organic materials, the poultry manure is relatively a cheap 
source of both macro nutrients (N, P, K, Ca, Mg, S) and micronutrients ((copper (Cu), iron 
(Fe), Mn, boron (B)) and can increase soil C and N content, soil porosity and enhance soil 
microbial activity. As poultry waste contains a high concentration of nutrients, addition of 
small quantity of it in an integrated nutrient management system could meet the shortage of 
FYM to some extent (Ghosh et al., 2004). 
Composting, which refers to the controlled decomposition of organic materials, has been used 
by farmers and gardeners since prehistoric times to recycle wastes and make them available 
for plant growth. In recent years, concern about reducing solid waste and producing food in an 
environmentally sound manner has led to a renewed interest in composting. All types of 
composting depend on the work of bacteria and fungi. These microbes digest OM and convert 
it into chemical forms that are usable by other microbes and plants (Nancy and Krasny, 1997). 
Composting is a biological process in which organic biodegradable wastes are converted into 
hygienic, humus rich product (compost) for use as a soil conditioner and an organic fertilizer 
(Popkin, 1995). 
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Compost analysis revealed that it had pH of 7.00, moisture content (14.73%), total N (1.74%), 
total P (0.49%) and K (2.45%). The total OC contents were 22.50% with OM (39.45%) and 
C: N ratio of 15.30 (Zarinaet al., 2010). However, a threshold moisture content of 40-60% is 
recommended for composting with a view to enhancing fertilizer value (Kihanda and 
Gichuru, 1999). So, composted OM can be used as a source of important nutrients for 
sustainable crop productivity. The composted organic wastes cannot only act as supplement to 
chemical fertilizers but may also improve the OM status and physicochemical properties of 
soil (Harmsen et al., 1994).  
On the cost side, the “terms of trade” (a comparison between the costs of two items) in 
agriculture, and especially the ratio between mineral fertilizer and food products, have 
deteriorated steadily from one decade to the next. To compares the global fertilizer price with 
the World Bank’s food price between 1970 and 2011, It shows that the world market price for 
mineral fertilizers has risen disproportionately when compared to the price of food – by over 
250 % in 40 years. Other studies reveal similar trends. On the cost side, the “terms of trade” (a 
comparison between the costs of two items) in agriculture, and especially the ratio between 
mineral fertilizer and food products, have deteriorated steadily from one decade to the next 
(Kotschi, 2013). The price an individual farmer in a remote area has to pay for mineral 
fertilizer is a lot higher than the world market price because of transport, distribution and 
other transaction costs. The price that the same farmer gets for his or her farm produce, on the 
other hand, is far below the price in places with good market links. Moreover, fertilizer prices 
are prone to wide fluctuations, especially if they are imported and are priced in foreign 
currencies, as is the case in most developing countries. 
2.5. Effects of Inorganic Fertilizer on Maize Yield and Yield Component 
Mineral fertilizers continue to play an important role in increasing the food supply for future 
generations. It is estimated that around 50% of the annual global food harvest comes from the 
application of mineral N fertilizer alone Kotschi (2013). The judicious use of mineral 
fertilizers can play a critical role in preventing resource degradation that results from nutrient 
mining, and from the exploitation of fragile lands or the clearing of habitat-rich forests. 
Increased fertilizer use in Africa can create a win-win situation, by promoting more efficient 
crop production and reducing soil degradation. Mineral fertilizers should be at the core of 
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strategies to restore soil fertility and raise crop productivity, although their use should be a 
part of integrated systems of nutrient management 
Balanced nutrition is an essential component of nutrient management and plays a significant 
role in increasing crop production and its quality. For the major processes of plant 
development and yield formation, the presence of nutrients like N, P, K, S and Mg in 
balanced form is essential (Mahmood, 2004; Randhawa and Arora, 2000). plant will use 
essential elements only in proportion to each other, and the element that is in shortest 
supply—in proportion to the rest—will limit growth” (Liebig’s law of the minimum, 1828).   
2.6. Effects organic fertilizer on maize yield and yield component 
In the tropics, the maintenance and management of soil organic matter (SOM) are central to 
sustaining soil fertility on smallholder farms (Swift and Woomer 1993, Woomer et al. 1994). 
In low-input agricultural systems in the tropics, SOM helps retain mineral nutrients (N, S, 
micronutrients) in the soil and make them available to plants in small amounts over many 
years as SOM is mineralized. In addition, SOM increases soil flora and fauna (associated with 
soil aggregation, improved infiltration of water and reduced soil erosion), complexes toxic Al 
and manganese (Mn) ions (leading to better rooting), increases the buffering capacity on low-
activity clay soils, and increases water holding capacity (Woomer et al. 1994). Current SOM 
inputs are insufficient to maintain organic matter levels in tropical agricultural soils. 
Continuous cropping, with its associated tillage practices, provokes an initial rapid decline in 
SOM, which then stabilizes at a low level (for example, see Woomer et al. 1994). 
 
The conventional mechanisms for addressing losses of SOM in tropical, rain fed, low-input 
Systems are fallowing, rotations (especially involving legumes), and the addition of animal 
Manures, forms of intercropping (including intercropping with hedgerow legumes), reduced 
tillage. As pressure on arable land rises, cropping encroaches on areas previously used for 
grazing, and livestock production becomes more difficult. This problem is more common in 
the unimodal rainfall areas of southern Africa, where the long dry season makes zero grazing 
techniques difficult or impossible for smallholders, than in the bimodal rainfall areas of 
eastern Africa. Manure from cattle and other animals is very important for most farmers in 
Zimbabwe, less so in Zambia, but rarely available in Malawi (where animals are scarce). But 
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even in the best areas, the supply (and, as important, the quality) of animal manure is 
inadequate to maintain soil fertility on its own. Where animals are few, farmers have turned to 
other sources of SOM. Leaf litter from trees can make significant contributions in areas close 
to woodlands, but as population grows, the deforestation associated with the demand for 
arable land, building material, and fuel works against this option. Although composted crop 
residues are used in wetter areas and where crop biomass production is relatively high, 
composts are rarely sufficient for more than a modest part of the cultivated area, and, like 
manures, their quality is often poor. These technologies require substantial labor from farmers 
(for examples from Zimbabwe, see Huchu and Sithole, 1994, and Carter 1993). The reality is 
that organic matter is rarely sufficient to maintain SOM, and in marginal areas where rainfall 
is low it is impossible to grow enough biomass to maintain SOM.  
2.7. Effects of integrated application of organic and inorganic fertilizers on maize 
yield and yield component  
Increased fertilizer use in Africa can create a win-win situation, by promoting more efficient 
crop production and reducing soil degradation. Mineral fertilizers should be at the core of 
strategies to restore soil fertility and raise crop productivity, although their use should be a 
part of integrated systems of nutrient management in which organic fertilizer sources are 
included. It also is important to mention that sources of organic manure are limited in most 
African countries. Even in Ethiopia, where livestock numbers are significant, manure is 
primarily used as a cooking fuel and rarely to improve the fertility of the soil (Kotschi, 2013).   
On low and medium soil fertility conditions, combined application of N fertilizers and manure 
led to increased productivity above fertilizer treatments alone, and this is most pronounced on 
degraded soils. Many studies in SSA have reported on the positive interaction between 
fertilizer and manure, with the benefits of manure increasing with decreasing soil fertility 
(Marena (2007). 
(Barker dan Pilbeam, 2007) reported that, Long-term effects of continuous use of chemical 
fertilizers and manure on soil fertility and productivity of a maize were investigated in the 
ongoing long-term fertilizer experiment, during Rabi (2007–2008) and Kharif (2008) seasons 
at the research farm, after 16 cropping cycles, bulk density decreased in plots where farmyard 
manure (FYM) was applied, whereas pH decreased in all the treatments. The organic carbon 
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content of the soil increased in all the treatments except 100% nitrogen (N). Cation exchange 
capacity (CEC) increased in all the treatments over the initial status of the soil. Available N 
showed buildup over the initial status in most of the treatments. Available phosphorus (P) 
declined from initial status in treatments where only N was applied alone or with FYM. There 
was reduction in available potassium (K) status in all the treatments except 100% NPK. 
Continuous addition of FYM with balanced application of inorganic fertilizers improved 
content of exchangeable calcium (Ca) and magnesium (Mg) over initial status compared to 
imbalanced application of fertilizers. Continuous use of imbalanced inorganic fertilizers 
resulted in lesser crop yields and nutrient uptake compared to that with the application of 
balanced dose of inorganic fertilizers with FYM. 
Organic acids available in organic fertilizer can chelae toxic elements (metals) in soil so that 
soil condition is not harmful for crop growth. Organic acids are capable to decrease phosphate 
quantity which fixed by Fe and Al through chelating mechanisms so that P is become 
available for crops (Barker dan Pilbeam, 2007). 
A urea combination with compost could have directly improving uptake of nutrients in maize 
and improving early maize root development. When compost was improving soil conditions 
(improving soil-water holding and N limiting factors) to maize, yield is improved. Compost is 
advantageous for it improves soil physical, biological, and chemical characteristics that 
consequently lead to better crop growth in the long term, as shown experiments done in 
Malawi and Sub-Saharan countries that use a small quantity of fertilizer and can benefit from 
the use of combined source of N (Bationo et al., 1998). 
Besides to improving yields, application of compost improved soil fertility and increased the 
plant resistance to heavy metal toxicity thereby enhancing plant growth and dry matter yield 
of maize (Adejumo et al., 2010). In several compost trials, combined compost and mineral N 
fertilization performed best. Due to low N efficiency, a positive yield effect of compost is 
achieved in the long term on soils, which are continuously managed with compost rather than 
after one or two applications (Federal Ministry of Agriculture, 2003). 
Using paper sludge with low C: N ratios (13 to 15) and high N levels applications of those 
OM alone at rates of 30 to 90 t ha−1 produced high grain corn yields and N uptake in Canada. 
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In this study, the application of composted paper sludge with reduced rate of N fertilizer (120 
kg ha−1) led to high silage corn yields and N uptake in 2001 and 2002 similar to those found 
for complete rate of N fertilizer (160 kg ha−1) for silage corn. The increased silage corn yields 
and N uptake in presence of composted paper sludge combined with reduced N fertilizer 
could be explained by the improvement of the soil aggregation and also by the additional 
nutrients in the composted paper sludge that could lead to better plant nutrition (Adrien et al, 
2010). 
Superiority of poultry manure was reported by (Chandrashekara et al. 2000) and (Saranappa 
2002), showed 7.62% increase in seed yield of maize with the application of poultry manure. 
Mehta and Shaktawat (2002) reported that application of farm yard manure at 10 t ha-1 
recorded higher grain yield and was economical. 
Ferguson and Nienaber (1995) reported application of composted feedlot manure produced 
corn yields similar to inorganic fertilizer. Eghball and Power (1999) reported that compost 
application resulted in corn grain yield similar to the fertilizer treatment. Schlegel (1992) also 
found that grain yield of irrigated sorghum increased by 377 kg ha-1 for 2.24 t ha-1 of applied 
compost and was equivalent to the increase from 13.4 kg ha-1 of inorganic N fertilizer. 
Treatments combining composted manure and N fertilizer produced greater grain yields than 
either amendment alone. Sorghum yields were increased by 502, 1254, 1254, and 960 kg ha-1 
in 1987-1990, respectively, with a combination treatment compared to either compost or N 
alone (Thomas, 2004). 
The use of N fertilizer in combination with compost increased the grain yield significantly. 
For instance, interaction effects of N and compost on wheat grain yield in Iran indicated that 
the highest wheat grain yield was obtained in the combination of 160 kg N ha-1 and compost 
of 30 t ha-1 (Tayebeh et al., 2010). The integrated use of FYM, compost and bone meal with 
low dose of NP fertilizers gave comparable maize grain when compared to the yield obtained 
under the recommended rate of NP fertilizers (110/20 kg ha-1) in Bako area, Ethiopia 
(Wakene et al., 2007). 
Wakene et al. (2001) reported that the potentials of organic sources increase when used 
together with mineral fertilizers. Crop residues applied with recommended NP fertilizers 
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produced 52% more sorghum grain on Inceptisols in Alemaya area than crop residues applied 
alone. The integrated use of various rates of farm yard manure and low rates of NP fertilizers 
are better than the application of either NP fertilizers or farm yard manure alone. 
The concept of organic-inorganic combinations has been also demonstrated in central Kenya 
by (Kimani et al. 2001), where the combinations resulted in higher maize grain yields. In such 
demonstration, the increased maize yields above an unfertilized control were 60%, 50% and 
40% for mineral fertilizer alone, fertilizer-manure combination, and manure alone, 
respectively, in a single season. 
A complementary use of organic manure and mineral fertilizers has been recommended for 
sustenance of long-term cropping in the tropics. High and sustained crop yields can be 
obtained with judicious and balanced NPK fertilization combined with organic matter 
amendment (Makinde, 2007). 
 
 
 
 
 
 
 
 
 
 
 
18 
 
3. MATERIALS AND METHODS 
3.1. Description of the Study Area 
The field experiment was conducted in Dembia Woreda of North Gondar Zone, Amhara 
National Regional State (ANRS), about 60 km west of Gondar town. Dembia Woreda is 
bordered by Tana to the south, Alefa to the west, Gondar town to the north, Gondar zuria 
Woreda to the east.  
The Woreda covers an estimated area of 1,261.96 square kilometers with a population density 
of about 16.85 persons per square kilometers, which is greater than the North Gondar Zone 
average of 8.68. The altitude of the Woreda ranges between 1858 and 2200 m. The land 
feature of the Woreda is characterized as 60% plains, 10% mountainous and 30% rugged that 
triggered soil erosion and nutrient depletion (Agriculture and Rural Development office of 
Dembia Woreda, 2015). 
The average annual minimum, maximum and mean temperatures of the District were 11, 32 
and 21.5oC, respectively. The rainfall pattern is unimodal, stretching from May to September 
and the annual rainfall ranges between 995 and 1184 mm (Agriculture and Rural 
Development office of Dembia Woreda, 2015). 
The trial site is situated in Gorgora kebele at 120 12' 28’’ N and 370 01’ 55’’ E with an 
elevation of about 2000 m.  Farming system in the experimental sites characterized by crop-
livestock production where about 92% of the population is engaged in agriculture. Survey of 
the area revealed that, of the land under cultivation in the District, 64.53% was planted with 
cereals like teff, maize and finger millet, 2.81% with pulses like chick pea , 8.3% with 
oilseeds like Noug, 0.72% with perennial crops like coffee, 0.62% with root crops, 0.45% 
with vegetables, and 12.57% all other crops. However, maize, teff, chick pea and sorghum are 
the main food crops of the trial site. The estimated rural population size of the Woreda was 
216,830; where 110,167 were male and 106,662 females while the urban population was 
24,658 with male population of 11,598 and 13,892 females (Finance and Economic 
Development office of Dembia Woreda, 2014).  
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Figure 1. Location map of Gorgora kebele 
3.2. Experimental Treatments and Designs 
The experiment was conducted in 2016/17 cropping season under rain-fed condition. 
Improved maize variety (Zea mays L.)of BH-540, widely used in the study area, was used as a 
test crop. The treatments were factorial combination of three rates of compost (0, 5 and 10 ton 
ha-1) and five rates of inorganic fertilizers (0, 100, 200, 200+ kg ha-1 blended fertilizers and 
200kg ha-1 DAP) with 200kg urea. The field experiment was laid out in randomized complete 
block design (RCBD) with three replications. Each replication was divided in to 15 plots 
measuring 3.2m x 3.2m (10.24m2) with 0.5 m spacing between plots and 1m spacing between 
replications. The net plot size of the experiment was 5.12m2. 
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Table 1. List of treatment combination in the study area 
         Treatments 
T 1  Control 
T 2  100 kg blended without compost 
T3  200 kg blended without compost 
T 4  200+ kg blended without compost 
T 5  200 kg DAP without compost 
T6  5 ton compost without blended  
T7  5 ton compost +100 kg blended  
T8  5 ton compost +200kg blended  
T 9  5 ton compost +200+kg blended  
T10  5 ton compost + 200kg DAP  
T11  10 ton compost without blended  
T12  10 ton compost +100 kg blended 
T13  10 ton compost +200kg blended  
T14  10 ton compost +200+kg blended 
T15  10 ton compost + 200kg DAP 
Blended fertilizer =Formula 3 (NPKSB) :  haves 13.7N-27.4P2O5-14.4K2O+5.4 S+0.54B from 
100 kg of blended fertilizer , 200+kg blended contain (200kg +48kg DAP +38 kg  TSP fertilizers) 
to be equalize the amount of NP content of  DAP fertilizer.  
3.3. Experimental Procedure 
3.3.1. Compost preparation and analysis 
For the preparation of compost the following materials were used: wet material such as 
(weeds, grasses, and leaves of trees) and dry materials maize straw, cow dung and forest soil 
and ashes with a proportion of 3:1:1:0.01:0.05 weight base at the age of three month and 
applied at dry base. The nutrient contents of the prepared compost (OC, total N and available 
P, exchangeable K,), it’s C: N value while compost physical properties such as bulk density 
and moisture content were determined in the laboratory before application. Content of OC 
was determined by Walkley and Black method (Walkley and Black, 1934), total N by Kjedahl 
method (Jackson,1958), and available P using Olsen method (Olsen, et al,1954), Its Bulk 
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density and moisture content of compost were done from undisturbed soil oven dry(1050C) 
with 24 hrs and calculated (Sahlemedhin and Taye, 2000).  
3.3.2. Soil sample collection and physicochemical analysis 
Soil samples were collected in two phases namely before planting and after harvesting the test 
crop. Composite soil samples were collected from the surface soil (0 – 0.2m depth) of each 
block before planting and from each treatment after harvesting .All collected soil samples 
were air dried at room temperature, ground and passed through 2 mm sieve except for OC and 
TN parameters (passed through 0.5mm).  
Soil samples were further analyzed for texture by the hydrometer method (Sahlemedhin and 
Taye, 2000). Soil pH was measured in suspension of 1:2.5 soils to water ratio (Chopra and 
Kanwar, 1976). Soil Bulk density (Bd) was determined from undisturbed soil samples using 
core samplers (Rowell, 1997). Total N was determined by Kjedahl method (Jackson, 1958), 
available P of the soil determined by extraction with the help of 0.5 M NaHCO3 for 30 
minutes (Olsen et al., 1954), CEC and exchangeable Ca, Mg, K & Na were extracted with 1M 
NH4OAc at pH 7 (Sahlemedhin and Taye, 2000). CEC was determined by ammonium acetate 
method, Ca, Mg determined by EDTA method and K, Na also determined by flame 
photometer. Soil OC was determined by Walkley and Black method (Walkley and Black, 
1934), percent OM was calculated by multiplying percent OC by a factor of 1.724. 
3.3.3. Land preparation and sowing 
The experimental field was plowed two times and then leveled for plot preparation. The space 
between each row was 0.80 m and the space between each maize seed and fertilizer 
placements were 0.40 m (based on the guideline for maize extension package, 2015).  
Compost was applied before a one month of planting, 200 kg Urea (CO (NH2)2) applied after 
planting at knee height stages. Other fertilizer types were applied at planting time. 
3.4. Data Collection and Measurements 
The following yield and yield related characteristics of maize crop were recorded. 
Cob length (cm): cob length was measured from ten randomly selected cobs at harvesting 
time from each plot and the average was recorded as cob length (cm) per plot. 
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Cob weight (gm): Cob weight was recorded from earlier selected cobs at harvesting from 
each plot and then average was recorded as cob weight per plot and then per ha. 
Number of grains per cob: Numbers of grains per cob were recorded by counting the grains 
from sampled cobs. 
Total above ground biomass (ton/ha): Total above ground biomass was measured from 
each net plot after harvesting and air drying. 
Grain yield (ton/ha): Grain yield of each net plot was weighed in grams and converted in to 
yield in ton /ha. According to Kenedy (2004), the yield was adjusted at 13% of moisture 
content by formula of (1- current moisture content)/ (1-0.13)*grain yield.  
Harvest index: harvest index was calculated the following equation: Harvest index (%) = 
(Economic yield / Biological yield) × 100 (Lemcoff and Loomis, 1994). 
Thousand seed weight (gm): Thousand seed weight was measured from the count of 
thousand seeds after sun - drying using sensitive balance.  
3.5. Statistical Analysis 
The selected data were subjected to analysis of variance (ANOVA) appropriate to the design 
of the experiment using SAS (version 9.2) software. Mean separation was for statistically 
significant different treatment carried out using LSD at 5% probability levels.    
3.6. Partial Budget Analysis 
The Dominance analysis procedure as detailed in CIMMYT (1998) was used to select 
potentially profitable treatments from the range that was tested. The selected and discarded 
treatments using this technique are referred to as Undominated and Dominated treatments 
respectively. The Undominated treatments were ranked from the lowest (the farmers’ 
practice) to the highest cost treatment. For each pair of ranked treatments, % marginal rate of 
return (MRR) was calculated. The % MRR between any pair of treatments denotes the return 
per unit of investment in fertilizer (organic & inorganic) expressed as a percentage. To obtain 
an estimate of these returns, the MRR was calculated by the following formula: 
 MRR (between treatments, a & b) = change in NB (NBb-NBa)/ Change in (TVCb-TVCa)*100 
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4. RESULTS AND DISCUSSION 
4.1. Selected soil physical and chemical properties  
The physical and chemical properties of the soil prior planting are shown in Table 3. The soil 
was clay loam in texture and had a pH of 6.38 which is slightly acidic, (Murphy, 1968 and 
Tekalign 1991). The soil available P was medium, (Cottenie 1980), CEC, was high, (Murphy 
2007) and the exchangeable cations (K, Na, Ca and Mg) were also high except Sodium, which 
was medium (FAO 2006). The percentage of nitrogen and organic matter were moderate, 
(Tekalign, 1991). 
Table 2. Before planting average physical and chemical properties of soil 
Soil properties Value Status 
pH (H2O) 1:2.5 6.38 Slightly acidic 
O.M (%) 3.06 Medium 
TN (%) 0.15 Medium 
Available P (mg kg -1) 12.16 Medium 
CEC (cmol (+) kg-1)  36.53 High 
Exchangeable bases   Ca (cmol(+) Kg -1) 19.56 High 
                 Mg (cmol(+) Kg -1) 6.02 High 
                                 K (cmol(+) Kg -1) 0.83 High 
                               Na (cmol(+) Kg -1) 0.34 Medium 
Bulk density 1.18gm/cm3  
Particle sizes: Sand (%) 28.77  
  Clay (%) 40.00  
                      Silt (%) 31.23  
Texture class                                            Clay loam  
   
4.1.1. Nutrient content of compost before incorporated to the field  
The application of soil amendments by compost (organic fertilizer) as the major treatment of 
the study improved the chemical and physical characterstic of the soil. The OC content of 
compost was 25.85%, total N (1.7%), available P (204.31 mg kg-1), exchangeable K was 
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24.86 cmol kg-1 and C: N ratio was calculated as 15.14.  Bulk density 0.83 g cm
-3
and its 
moisture content of compost also 20.5%. The values indicated that the compost could be used 
to potentially enhance the fertility status of the soil. Similar result showed that compost had 
moisture content (14.73%), total N (1.74%), available P (390 mg kg -1) and exchangeable  K 
(24.86 cmol kg-1). The OC contents of 22.50% and C: N ratio of 15.30 (Zarinaet al., 2010). 
4.1.2. Soil chemical and physical properties after harvesting 
Selected physico-chemical properties of the soil from the experimental field before planting 
and after harvesting is presented in Table 3 and 4, respectively. The soil pH value before the 
application of organic and inorganic fertilizer was 6.38 which was (slightly acidic). The soil 
pH range after harvest was 6.28 – 6.38 (slightly acidic). However, plots receiving higher 
amounts of organic and inorganic fertilizer recorded the lowest pH values than control 
because of releasing H ion by organic matter mineralization and nitrogen fertilizer oxidation 
(Table 4). Generally, there was a slightly reduction in soil pH value by about 0.01 to 0.1 units. 
All the treatments after harvest indicating an increase in soil acidity, with blended and organic 
fertilizers values (Table 4).  Quansah (2010) stated that generally, there was a drop in the pH 
of all the treatments after harvest indicating an increase in soil acidity, with inorganic (N) and 
organic fertilizer values decreasing by about one pH unit. 
Before planting, the soil organic matter (OM) content of the experimental site was medium 
(3.06 %). However, after harvesting the soil OM ranged from medium to high (3.60 to 
4.41%). The highest soil OM was recorded on the plots which received 10 ton ha-1 compost 
(Treatment 11 up to15). Similarly, total nitrogen (TN) content varied from its medium status 
before planting (0.15%) after harvesting (0.13 to 0.24%) medium to high according to 
Murphy (1968). Soil TN after harvesting showed a slight decrease than before planting status 
on control plots and on plots with blended fertilizers only. This could be related to N uptake 
by the growing maize crop or other N losses (leaching, volatilization). Conversely, TN 
showed a slight increase on plots with higher compost treatments (Treatment 11 – 15) which 
might be related to mineralization of organic N.  Hanway (1971) observed that N tends to be 
depleted rapidly from the soil with cash grain farming such as maize. According to nutrient 
ratings suggested by (Cottenie, 1980) soil available phosphorus status was medium (12.6 mg 
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kg-1) at pre planting as compared to after harvesting where almost all plots except the control 
plots showed sufficient and above available P status (15.4 – 58.6 mg kg-1) (Table 4). Soil 
exchangeable potassium was high (0.83 cmol (+) kg -1) on all  plots before the experiment. The 
levels of exchangeable potassium after harvest however, ranged from high to very high (0.88-
1.83 cmol/kg of soil) with most of the plots having high exchangeable K specially plots which 
were receiving blended and integrated fertilizer application because of K2O nutrient was a 
component of blended fertilizer and compost also have balanced nutrients in small amount.  
Organic acids available in organic fertilizer can chelate toxic elements (metals) in soil so that 
soil condition is not harmful for crop growth. Organic acids are capable to decrease phosphate 
quantity which fixed by Fe and Al through chelating mechanisms so that P is become 
available for crops (Barker dan Pilbeam, 2007). 
Table 3.  Residual effect of organic and blended fertilizer application on soil fertility after 
              harvesting  
Treatments 
Parameters 
pH(H2O) TN OM Av.P CEC and Exchangeable bases (cmol(+)kg-1) 
1:2.5 % % mgkg -1 CEC Ca Mg K Na 
1 6.38 0.12 3.60 10.36 38.07 21.4 4.71 0.88 0.51 
2 6.37 0.12 3.62 18.77 38.17 21.6 4.60 1.13 0.35 
3 6.36 0.14 3.60 18.94 38.32 20.80 5.03 1.16 0.33 
4 6.36 0.14 3.63 20.33 39.69 21.20 3.42 1.15 0.42 
5 6.37 0.13 3.62 34.02 38.10 21.35 4.12 1.66 0.44 
6 6.36 0.17 4.02 15.42 42.89 23.33 4.85 1.06 0.32 
7 6.35 0.16 4.05 26.43 43.31 22.86 4.96 1.17 0.31 
8 6.34 0.15 4.03 42.00 43.41 23.12 5.12 1.83 0.32 
9 6.30 0.17 4.05 43.43 43.19 23.64 4.56 1.98 0.31 
10 6.36 0.16 4.08 46.72 43.62 23.85 5.10 1.18 0.33 
11 6.30 0.21 4.38 20.58 45.84 25.04 4.96 1.05 0.31 
12 6.34 0.20 4.35 49.76 44.93 24.96 5.08 1.24 0.34 
13 6.32 0.19 4.36 51.10 45.15 24.87 5.18 1.62 0.33 
14 6.28 0.20 4.32 58.60 45.61 25.12 5.10 1.83 0.31 
15 6.29 0.20 4.41 56.03 45.52 25.10 5.21 1.23 0.30 
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4.2. Analysis of Variance 
The experiment was conducted with the main objectives to determine the effect of integrated 
application of organic and blended fertilizers on maize grain yield, yield components, as well 
as enhancing soil fertility. In view of these various parameters were measured and statistically 
analyzed. Analysis of variance (Table 4, 5 and 6) revealed that the  main effect  and  
interaction effect of organic  and  inorganic  fertilizer application was significant in 
influencing the  number of grains/cob, cob weight, thousand seed weight,  grain yield, 
biomass yield  at 0.05 probability level. Only one parameters, harvest index at main and 
interaction of organic and inorganic fertilizers application at 0.05 probability level was not 
significant (Table 4, 5 and 6). 
Table 4. Main effect of organic fertilizers on grain yield and yield attributes 
treatment GY BMY HI NGC CL CW TSW 
control 6.87c 13.07b 0.53a 407.00b 3.33c 96.33c 522.73b 
5 ton/ha 7.59b 14.98a 0.51a 451.75a 5.17b 133.94b 540.06a 
10 ton/ha 8.21a 15.17a 0.54a 445.67a 6.33a 206..95a 546.20a 
GM 7.56 14.41 0.52 434.81 4.94 145.74 534.33 
CV (%) 2.71 2.57 4.03 2.95 9.83 5.52 0.94 
LSD (5 %) 0.47** 0.84** ns 29.10* 1.10** 18.23** 11.37* 
EMS± 0.042 0.14 0.001 164.81 0.24 64.66 25.15 
GY= grain Yield per hectare, BMY=Biomass yield per hectare HI= Harvest index, NGC=Grain per 
cob, CL=cob length, CW=Cob weight, TSW= Thousand seed weight. 
 
 
 
 
27 
 
Table 5. Main effect of  inorganic fertilizers on grain yield and yield attributes 
treatment GY BMY HI NGC CL CW TSW 
control 6.87c 13.07d 0.53b 407.00c 3.33d 96.33d 522.73d 
100 kg/ha of BF 8.22b 14.15c 0.58a 452.75b 5.50c 174.08c 538.50c 
200 kg/ha of Bf 8.81ab 14.99b 0.59a 469.75ab 6.33bc 200.93bc 554.54b 
200+ kg/ha of BF 8.93a 14.96b 0.59a 483.17a 7.00ab 248.71b 563.00a 
200kg/ha of DAP 8.93a 16.15a 0.55ab 481.17ba 8.00a 322.84a 551.81b 
GM 8.35 14.66 0.57 458.77 6.03 208.58 546.12 
CV (%) 3.87 2.56 5.14 3.37 12.70 12.85 0.38 
LSD (5 %) 0.61** 0.71** ns 29.12** 1.44** 50.46** 3.93** 
EMS± 0.11 0.14 0.001 239.21 0.59 718.11 4.36 
BF= Blended fertilizer which is recommended for working area GY= grain Yield in ton per hectare, 
BMY=Biomass yield in ton per hectare HI= Harvest index, NGC= number of grain per cob, CL=cob 
length, CW=Cob weight, TSW= Thousand seed weight 
4.3. Main and Interaction Effect of Compost and Inorganic Fertilizers on Yield 
Attributes and Grain Yield 
4.3.1. Cob length 
 The longest cob length (8.5cm) was found in (treatment14) where 200+kg ha-1 blended 
fertilizer and 10 ton compost was applied. This result was not significantly different (p > 
0.05) to treatment number 15 where 200kg DAP and 10 ton compost was applied. However, a 
significant difference (P< 0.05) cob length was observed in control plots (3.3 cm) .To 
compare the average cob length of organic, inorganic and interaction of organic and inorganic 
fertilizer were 4.94 cm, 6.03 cm and 7.09 cm respectively (Table 4,5 and 6). Similarly, Sarhad 
(2011) reported that longer ear length of 14 and 13.5 cm was recorded when 240 and 300 kg 
ha-1 N was used respectively while the smallest ear length of 11.4 cm was recorded in control 
plots where N was not applied. This might show the direct relationship between the highest 
cob length and high input. 
4.3.2. Cob weight 
 The highest cob weight (374.87gm) was found in (treatment 15) where 200kg DAP fertilizer 
and 10 ton compost application and not a significant variation to (treatment14) 200+kg 
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blended fertilizer with 10 ton compost application per hectare but differ significantly to 
shortest cob (96.33gm) which was found in control plot. To compare the average cob weight 
of organic, inorganic and interaction of organic and inorganic fertilizer were 145.74 gm, 
208.58 gm and 304.58 gm respectively( table 4,5 and 6). This might show the highest cob 
weight has direct relationships with integration and high input applications. 
4.3.3. Number of grain per cob 
The analysis of variance indicated that highly significant (P<0.05) number of grain per cob 
difference due to the application of main factor of organic, inorganic fertilizer and their 
interactions.  Maximum number of grains per cob (499.58) was found in 200kg DAP fertilizer 
with 10 ton compost application per hectare which differ significantly to minimum number of 
grains per cob (407 was found in control plot). Grain yield is directly related to number of 
grains per cob. The more number of grains per cob results in more grain yield. To compare 
the average number of grain per cob of organic, inorganic and interaction of organic and 
inorganic fertilizer were applied 434.81, 458.77 and 466.61grains found respectively (table 
4,5 and 6). 
The number of grains per cob is a genetically controlled factor but environmental and 
nutritional level may also influence the number of grains per cob (Muhammed et al,. 2008). 
Nitrogen affected number of grains ear-1 of maize hybrids at 1% probability level. 
Significantly higher number of 481.2 grains ear-1 was recorded when 300 kg ha-1 N was 
used, which was at par with number of grains cob-1recorded at 240 or 180 kg ha-1 N. The 
lowest number of 295.6 grains ear-1 was recorded from the control plot (Sarhad, 2011). 
4.3.4. Weight of thousand grains 
The treatment T12 (100 kg blended fertilizer and 10 ton compost ha-1) produced the maximum 
1000 grain weight (564gm) which was significantly different from the rest of all the 
treatments (Table 6). T14 (200+kg blended fertilizer and ten ton compost application ha-1, T15 
(200kg DAP fertilizer and ten ton compost application ha-1) also gave a higher 1000 grain 
weight over others. The minimum weight of 1000 grains was obtained in T1 (control). To 
compare the average weight of thousand grains of organic, inorganic and interaction of 
organic and inorganic fertilizer were applied 536.33 gm, 546.12 gm and 549.29 gm found 
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respectively (table 4, 5 and 6). Onasanya et al. (2009) reported that, the treatment (120 kg N 
ha-1 + 40 kg P ha-1) produced the maximum 1000 grain weight which was significantly 
different from the rest of all the treatments, (60 kg N ha-1 + 40 kg P ha-1) also gave a higher 
1000 grain weight over others while, the minimum weight of 1000 grains was obtained in 
control. This might show the highest weight of thousand grains have direct relationships with 
integration and high input applications. 
4.3.5. Biomass yield 
The analysis of variance indicated highly significant (P<0.01) biomass yield differences due 
to the application of organic, inorganic and their interactions (Table 6). Blended fertilizers 
application also showed biomass yield increment but not linear and consistent. The average 
maize biomass yield for the various inorganic fertilizers treatments yield ranged from 13 to 
16.15 ton/ha with a yield increment of 8.84 to 24.23% over the control treatment, 
respectively. To compare the average weight of biomass yield of organic, inorganic and 
interaction of organic and inorganic fertilizer were applied 14.41 ton ha-1, 14.66 ton ha-1   and 
15.00 ton ha-1 found respectively. This observation is consistent with findings of other 
researchers who reported higher biological yield (11830 kg ha-1) was recorded when 300 kg 
ha-1 N was used which was at par with the biological yield produced at 240 kg ha-1 N. The 
lowest biological yield of 7545 kg ha-1 was recorded in control plots where nitrogen was not 
applied (Inamullah et. al., 2007). In this study, the biomass yield was not  with the higher rate 
blended fertilizer. The ammount greater than 100 kg/ha  lower the biomass yield probably be 
the tocix effect of boron, whereas increasing DAP fertilizer shows increasing the biomass 
(table 6), this shows that there are nutrient negative interaction especially micro nutrients such 
as boron, but to confirm thse further nutrient omission trial  is obligatory.  
4.3.6. Grain yield 
The analysis of variance indicated highly significant (P<0.05) grain yield differences due to 
the application of compost (organic fertilizers). The average maize grain yield ranged from 
6.87 to 8.21 ton/ha (Table 4) with the increment of 10.4 to 19.5% over the control treatment, 
respectively.  
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 Similarly, increasing inorganic fertilizers levels from 0 to 200 kg /ha blended fertilizers 
application also showed linear and consistent grain yield increment due to inorganic fertilizer 
application. The average maize grain yield for the various inorganic fertilizers treatments 
yield ranged from 6.87to 8.93 ton/ha (Table 5) with a yield increment of 19 to 30% over the 
control treatment, respectively.  On the other hand the interaction effect of organic and 
inorganic fertilizer showed that average maize grain yield  increment from 6.87 to 9.45 ton/ha 
(Table 6) with the yield increment of 28 to39% over the control treatment , respectively. 
Application of organic or inorganic fertilizers increased significantly the grain yield compared 
to unfertilized plots. This can be ascribed to the positive effect of fertilizers in improving soil 
fertility. This effect is very pronounced when organic manure is combined with inorganic 
(chemical) fertilizer application (Table 4,5 and 6).  De Ridder and Van Kaulem (1990) 
reported that the use of both inorganic and organic fertilizers often results in synergism and 
improvement of nutrient and water use efficiency. The inorganic fertilizer provides (a large 
part of) the nutrients and the organic fertilizer increases soil organic matter status, structure, 
and buffering capacity (Maatman et al., 2007). The organic matter also improves phosphorus 
(P) availability through reduction of the P sorption capacities of the soil (Easterwood and 
Sartain, 1990; Nziguheba et al., 2000; Nziguheba, 2007) . 
To examine the relative yield performance of organic and conventional farming systems 
globally, available data shows that, overall, organic yields are typically lower than the 
conventional yields. But these yield differences are highly contextual, depending on system 
and site characteristics, and range from 5% lower organic yields (rain-fed legumes and 
perennials on weak-acidic to weak-alkaline soils), 13% lower yields (when best organic 
practices are used), to 34% lower yields (when the conventional and organic systems are most 
comparable). The average organic-to-conventional yield ratio from our meta-analysis is 0.75 
(with a 95% confidence interval of 0.71 to 0.79); that is, overall, organic yields are 25% lower 
than conventional (nature, 2012). Similarly In these study organic yield was lower than 
conventional yield from 7.66 to 15% without partial budget and environmental impact 
analysis (table5 and 6). According to (Jayne  et al.2008), The higher yields from organic 
materials plus inorganic fertilizer treatments compared to the recommended rate of inorganic 
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fertilizer is an indication that integrated use of organic and inorganic nutrient sources  are 
advantageous over the use of inorganic fertilizer alone.  
 When organic systems receive higher quantities of N than conventional systems, organic 
performance improves, whereas conventional systems do not benefit from more N. In the 
other words, organic systems appear to be N limited, whereas conventional systems are not. 
Indeed, N availability has been found to be a major yield-limiting factor in many organic 
systems. The release of plant-available mineral N from organic sources such as cover crops, 
compost or animal manure is slow and often does not keep up with the high crop N demand 
during the peak growing period.  
There are many factors to consider in balancing the benefits of organic and conventional 
agriculture, and there are no simple ways to determine a clear ‘winner’ for all possible 
farming situations. However, instead of continuing the ideologically charged ‘organic versus 
conventional’ debate, we should systematically evaluate the costs and benefits of different 
management options. In the end, to achieve sustainable food security we will probably need 
many different techniques—including organic, conventional, and possible ‘hybrid’ systems to 
produce more food at affordable prices, ensure livelihoods for farmers, and reduce the 
environmental costs of agriculture Nature (2012). 
This observation is consistent with findings of other researchers who reported higher maize 
yields in plots that had organics plus fertilizer compared to sole application of inorganic 
fertilizers (Esilaba et al., 2005; Kimetu et al., 2004; Mugendi et al., 1999). This implies that 
integration of inorganic and organic nutrient inputs enhances nutrient use efficiency. The 
integrated use of organic nutrient sources with inorganic fertilizer was shown to increase the 
potential of organic fertilizer and to improve the efficiency of inorganic fertilizers, (Heluf, 
2002). The combination of organic nutrient resources and mineral fertilizers has been shown 
to result in synergy and improved synchronization of nutrient release and uptake by crop 
(Palm et al., 1997), as well as  and a more balanced supply of nutrients (Donovan and Casey, 
1998) leading to higher yields. 
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Table 6. Interaction effect of organic and blended fertilizers on grain yield and yield attributes 
 treatment GY BMY HI NGC CL CW TSW 
  control 6.87f 13.07e 0.53de 407.00d  3.33j 96.33h 522.73f 
100 kg/ha of BF 8.22d 14.15d 0.58bcd 452.75c 5.50hi 174.08f 538.50e 
200 kg/ha of Bf 8.81c 14.99bcd 0.59abc 469.75bc 6.33fgh 200.93ef 554.54bcd 
200+ kg/ha of BF 8.93bc 14.96bcd 0.59abc 483.17ab 7.00efg 248.71d 563.00a 
200kg/ha of DAP 8.93bc 16.15a 0.55cde 481.17ab 8.00abc 322.84bc 551.81cd 
5 ton/ha 7.59c 14.98bcd 0.51ab 451.75bc 5.17i 133.94g 540.01e 
100 kg+5ton/ha 8.81e 14.68bcd 0.60e 459.50c 6.17gh 302.99e 515.40f 
200 kg+5ton/ha 9.04abc 15.07bcd 0.60ab 464.25bc 7.17def 305.08c 547.90d 
200+ kg+5ton/ha 9.02bc 15.45abc 0.59abc 467.67bc 7.33cde 305.82c 561.79ab 
200kgDAP+5ton/ha 9.21abc 15.57abc 0.59abc 470.17bc 7.50bcd 311.34c 549.90cd 
10 ton/ha 8.21d 15.17abc 0.54cde 445.67c 6.33fgh 206..95e 540.20e 
100kg+10ton/ha 9.13abc 15.83ba 0.58bcd 485.92ab 7.33cde 329.83bc 564.00a 
200kg+10 ton/ha 9.08abc 15.05bcd 0.60ab 465.50bc 8.50a 346.94ab 563.09a 
200+kg+10ton/ha 9.45ab 15.08bcd 0.63a 479.92ab  8.17abc 368.01a 561.53ab 
200kg DAP+10ton/ha 9.56a 15.20abc 0.63a 499.58a 8 .33ab 374.87a 557.27abc 
GM 8.73 15.03 0.58 465.58 6.81 268.58 548.78 
CV (%) 3.71 4.18 6.02 3.44 7.84 6.88 0.83 
LSD (5 %) 0.54** 1.05** ns 26.78** 0.89** 30.92** 7.61** 
EMS± 0.11 0.39 0.001 256.37 0.29 341.79 20.71 
There was statistical difference between the sole use of organic and inorganic fertilizers as 
well as the integrated application which shows in (Table 5,6 and 7), the highest yield (9.56 
and 9.45 ton/ha) found from T14 and T15 (integrated), the sole use of fertilizer application 
(200kg blended fertilizer(T3)) productivity (8.81 ton/ha) was lower than the integration 
application of half blended and 10 ton /ha compost (9.13 ton/ha) and  almost equal production  
to 5 ton compost with 100 kg blended fertilizer application (T6).  
4.3.7. Harvest index 
Harvest index describes plant capacity to allocate biomass (assimilates) into the formed 
reproductive parts; in which grain yield is a product of harvest index and biomass yield. In 
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this paper, a visualization technique is proposed to give insight into associations among 
harvest index, biomass yield and grain yield.  
Sarhad (2011) documented that, nitrogen affected harvest index (HI) of maize hybrids 
significantly at P 0.01. Higher HI of 31.4% was recorded in plots applied with 300 kg ha-1 
nitrogen, which was not statistically different from the HI of 30.1% recorded at 240 kg ha -1 N. 
The lowest HI of 21.1% was recorded in plots where nitrogen was not applied. While Ali et 
al. (2002) reported that, HI was not affected with change in nitrogen level. In these study the 
analysis of variance indicated that main and interaction effect of organic and inorganic 
fertilizers did not affect harvest index at (P<0.05) (Table 4,5and 6).  
4.4. Correlations among Yields, Yield components and Harvest Index of Maize 
Correlation analysis result revealed that there was a highly significant (P < 0.01) and positive 
correlation between yield attribute and grain yield of maize (Table 7). Grain yield was 
significantly and positively correlated with cob weight (r = 0.78**), cob length (r = 0.76**), 
number of grains per cob (r = 0.74**), biomass yield (r = 0.59**),   and thousand seed weight 
(0.58**). In conformity with this finding ,Inamullah et al. (2011b) found that ,Ear length 
showed positive and significant (P < 0.05) correlation with 1000grains weight (r = 0.681*) 
while positive and highly significant (P < 0.01) correlation with grains cob-1 (r = 0.872**), 
grain yield (r = 0.724**) and biomass yield (r = 0.748**). Similarly, Rafique et al. (2004) 
reported positive correlations (P < 0.05) of ear length with 1000 grain weight and grain yield. 
In the other (Selvaraj, 2011) however, reported negative correlations of grains cob-1 with 1000 
grain weight (r = -0.084), grain yield (r = -0.359) and biomass  yield plant-1 (r = -0.166) and  
they reported that grains cob-1 is correlated with cob height on the plant only, while grain 
yield is correlated with the number of cobs m-2 instead of 1000 grain weight and grains cob. 
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Table 7. Correlation between grain yield and some yield related traits of maize 
 GY NGC HI BMY CL CW 
GY       
NGC 0.74**      
HI 0.72** 0.42**     
BMY 0.59** 0.56** -0.14ns    
CL 0.76** 0.66** 0.54** 0.46**   
CW 0.78** 0.65** 0.59** 0.45** 0.90**  
TSW 0.58** 0.59** 0.36* 0.42** 0.68** 0.53** 
4.5. Partial Budget Analysis 
Gross return was calculated from price (seasonal average) of maize grain and straw in the 
study area (maize grain 4500 Eth. Birr per ton whereas straw 400 Eth. Birr per ton by January 
2017). Variable cost was calculated from the costs involved for purchase and application of 
fertilizer. Blended fertilizer (NPKSB), DAP, Urea and compost were purchased for 1336.93, 
1368.16, 1017.35 birr per quintal and 363.6 birr per ton, respectively. For application of the 
fertilizer, 300 Birr per ha for blended and DAP, for split application of Urea fertilizer 400 Birr 
per ha and 500 birr to apply 5 ton compost per ha were needed. The benefit of compost should 
be consider for least three years to releasing nutrient for plant and improving soil biological 
and physical properties.  
The input and output prices used in the economic analysis were those prevailing during the 
period of the experiment. Market prices are ever changing and as such a recalculation of the 
partial budget using a set of likely future prices i.e., sensitivity analysis, is necessary to 
pinpoint treatments which are likely to remain stable and sustain acceptable returns for 
farmers despite price fluctuations. 
As presented in Table 8 treatment except treatment 3 and 5 all were not found profitable 
because of dominated and < 100% of MRR. However to be consider soil fertility 
improvement with high productivity of maize, Treatment 7 and treatment 12 should be 
profitable and soil fertility as sustainable Woy. The sensitivity analysis also indicated that 
result withstood 10% price and yield fluctuations. Detail partial budget analysis is presented 
in table 1, 2 and 3.   
 
35 
 
Table 8. Partial budget analysis 
 
 
 
Treatment Labor cost for 
Input application 
Input price 
Eth bir 
Total variable 
Cost. Eth bir 
Gross benefit 
Eth bir 
Net benefit 
Eth bir 
MRR 
% 
Sensitivity 
Analyses   
10% 
T1 0.00 0.00 0.00 36143.00 36143.00 - - 
T6 500.00 606.00 1106.00 40147.00 3904.00 52 41.33 
T2 700.00 3371.63 4071.63 42650.00 38578.37 71 16.78 
T11 1600 3636.00 5236.00 43013.00 37777.00 D D 
T3 700.00 4708.56 5408.56 45641.00 40232.44 1422 83.04 
T5 700.00 4771.02 5471.02 46645.00 41173.98 1507 1215.28 
T7 1200.00 5189.63 6389.63 45517.00 39127.37 D D 
T4 700.00 5778.10 6478.10 46169.00 39690.9 D D 
T8  1200.00 6526.56 7726.56 46780.00 38981.44 D D 
T10 1200.00 6589.02 7789.02 47673.00 39883.98 D D 
T12 1700.00 7007.63 8707.63 47417.00 38709.37 D D 
T9 1200.00 7596.10 8796.10 46370.00 37573.90 D D 
T13 1700.00 8344.56 10044.56 46880.00 36834.44 D D 
T15 1700.00 8407.02 10107.02 49100.00 38992.98 D D 
T14 1700.00 9414.10 11114.10 48557.0 37442.90 D D 
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5. CONCLUSIONS AND RECOMMENDATIONS 
5.1. Conclusions 
Application of 5 ton ha-1 compost and 50% recommended inorganic fertilizer could increase 
soil properties and could produce the same yield as that of treatments where 200 kg ha-1 
inorganic fertilizer was applied. However, application of 10 ton ha-1 organic fertilizer together 
with 50% of recommended fertilizer showed better soil properties and significantly different 
(P < 0.01) maize grain yield (9.13 ton ha-1) than the sole application of 200 kg ha-1 mineral 
fertilizer (8.81 ton ha-1).  
Meanwhile, the comparative yield of the previous fertilizer recommendation 200kgDAP to 
revised recommended rate of blended fertilizer rate showed that still the previous 
recommended rate had a greater grain yields than current recommended rate of fertilizer.. 
5.2. Recommendation 
From the result of the experiment, treatment 5 (200 kg DAP ha-1 with split application of 200 
kg ha-1 urea) is recommended in order to increase maize crop productivity. Meanwhile, 
application of 10 ton compost ha-1 +100 kg blended fertilizers with split application of 200 kg 
urea ha-1 can also bring an increase in yield of maize and improve soil fertility status. This 
will greatly benefit farmers in area were farmers cannot afford the cost of high fertilizer input. 
However, it is also necessary to develop further research such as nutrient omission trial to 
verify nutrient to nutrient interaction before recommendation of blended fertilizers especially 
the micro nutrient such as boron and other .Overall, soil test based fertilizer application is 
optional because micro nutrients are not only essential but also toxic if there are excess 
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Appendix Table 1. Detail of partial budget analysis 
Treat. Labor cost for frt. Application Input price        ET bir. Total 
cost 
Yield t/ha In come  ETbr Gross  
bnfit 
Net  
ben urea D/NPKSB compost urea D/NPKSP compost grain strow grain strow 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.87 13.07 30915.00 5228.00 36143.0 36143.00 
2 300.00 400.00 0 2034.70 1336.93 0 4071.63 8.22 14.15 36990.00 5660.00 42650.0 38578.37 
3 300.00 400.00 0 2034.70 2673.86 0 5408.56 8.81 14.99 39645.00 5996.00 45641.0 40232.44 
4 300.00 400.00 0 2034.70 3743.40 0 6478.10 8.93 14.96 40185.00 5984.00 46169.0 39690.90 
5 300.00 400.00 0 2034.70 2736.32 0 5471.02 8.93 16.15 40185.00 6460.00 46645.0 41173.98 
6 0.00 0.00 500.00 0.00 0.00 1818.00 2318.00 7.59 14.98 34155.00 5992.00 40147.0 37829.00 
7 300.00 400.00 500.00 2034.70 1336.93 1818.00 6389.63 8.81 14.68 39645.00 5872.00 45517.0 39127.37 
8 300.00 400.00 500.00 2034.70 2673.86 1818.00 7726.56                                                                            9.04 15.07 40680.00 6028.00 46708.0 38981.44 
9 300.00 400.00 500.00 2034.70 3743.40 1818.00 8796.10 9.02 15.45 40590.00 5780.00 46370.0 37573.90 
10 300.00 400.00 500.00 2034.70 2736.32 1818.00 7789.02 9.21 15.57 41445.00 6228.00 47673.0 39883.98 
11   1000.00 0 0 3636.00 4636.00 8.21 15.17 36945.00 6068.00 43013 38377.00 
12 300.00 400.00 1000.00 2034.70 1336.93 3636.00 8707.63 9.13 15.83 41085.00 6332.00 47417.0 38709.37 
13 300.00 400.00 1000.00 2034.70 2673.86 3636.00 10044.56 9.08 15.05 40860.00 6020.00 46880.0 36835.44 
14 300.00 400.00 1000.00 2034.70 3743.4 3636.00 11114.10 9.45 15.08 42525.00 6032.00 48557.0 37442.90 
15 300.00 400.00 1000.00 2034.70 2736.32 3636.00 10107.02 9.56 15.20 43020.00 6080.00 49100.0 38992.98 
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Appendix Table 2.Detail of partial budget analyses 
Tr 
no 
Labor cost for frt. Application Input price        ET bir. Total cost Yield t/ha In come ETbr Gross  
bnfit 
Net  
ben 
MRR 
% UREA NPKSB/D compost urea NPKSB/D compost grain strow grain strow 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.87 13.07 30915.00 5228.00 36143.0 36143.00 - 
6 0.00 0.00 800.00 0.00 0.00 1818.0 2618.00 7.59 14.98 34155.00 5992.00 40147.0 37829.00 72.74 
2 300.00 400.00 0 2034.70 1336.93 0 4071.63 8.22 14.15 36990.00 5660.00 42650.0 38578.37 42.73 
11 0.00 0.00 1000.00 0 0 3636.00 5236.00 8.21 15.17 36945.00 6068.00 43013.0 38377.00 D 
3 300.00 400.00 0 2034.70 2673.86 0 5408.56 8.81 14.99 39645.00 5996.00 45641.0 40232.44 123.72 
5 300.00 400.00 0 2034.70 2736.32 0 5471.02 8.93 16.15 40185.00 6460.00 46645.0 41173.98 1507.43 
7 300.00 400.00 500.00 2034.70 1336.93 18.18.0 6389.63 8.81 14.68 39645.00 5872.00 45517.0 39127.37 D 
4 300.00 400.00 0 2034.70 3743.40 0 6478.10 8.93 14.96 40185.00 5984.00 46169.0 39690.90 D 
8 300.00 400.00 500.00 2034.70 2673.86 1818.00 7726.56                                                                            9.04 15.07 40680.00 6028.00 46708.0 38981.44 D 
10 300.00 400.00 500.00 2034.70 2736.32 1818.00 7789.02 9.21 15.57 41445.00 6228.00 47673.0 39883.98 D 
12 300.00 400.00 1000.00 2034.70 1336.93 3636.00 8707.63 9.13 15.83 41085.00 6332.00 47417.0 38709.37 D 
9 300.00 400.00 500.00 2034.70 3743.40 1818.00 8796.10 9.02 15.45 40590.00 5780.00 46370.0 37573.90 D 
13 300.00 400.00 1000.00 2034.70 2673.86 3636.00 10044.56 9.08 15.05 40860.00 6020.00 46880.0 36835.44 D 
15 300.00 400.00 1000.00 2034.70 2736.32 3636.00 10107.02 9.56 15.20 43020.00 6080.00 49100.0 38992.98 D 
14 300.00 400.00 1000.00 2034.70 3743.4 3636.00 11114.10 9.45 15.08 42525.00 6032.00 48557.0 37442.90 D 
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Appendix Table 3.Sensitivity analysis with 10% cost increment and 10% gross benefit decrement   
Treatment Cost Cost 10% increment  G/benefit 
G/benefit 
10 % 
discount  
Net 
benefit 
 MRR% 
 
1 0.00 0.00  36143.00 32528.70  32528.70 
   
6 2318.00 2549.80  40147.00 36132.30  33582.50 
 41.33  
2 4071.63 4478.79  42650.00 38385.00  33906.21 
 16.78  
11 4636.00 5099.60  43013.00 38711.70  33612.10 
 D  
3 5408.56 5949.42  45641.00 41076.90  35127.48 
 83.04  
5 5471.02 6018.12  46645.00 41980.50  35962.38 
 1215.28  
7 6389.63 7028.59  45517.00 40965.30  33936.71 
 D  
4 6478.10 7125.91  46169.00 41552.10  34426.19 
 D  
8 7726.56 8499.22  46708.00 42037.20  33537.98 
 D  
10 7789.02 8567.92  47673.00 42905.70  34337.78 
 D  
12 8707.63 9578.39  47417.00 42675.30  33096.91 
 D  
9 8796.10 9675.71  46370.00 41733.00  32057.29 
 D  
13 10044.56 11049.02  46680.00 42012.00  30962.98 
 D  
15 10107.02 11117.72  49100.00 44190.00  33072.28 
 D  
14 1114.10 12225.51  48557.00 43701.30  31475.79 
 D  
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